Regional variations in the population structure of Pseudomonas syringae pathovar phaseolicola from Spain are revealed by typing with PmeI pulsed-field gel electrophoresis, plasmid profiling and virulence gene complement One hundred and twenty pathogenic isolates of Pseudomonas syringae pv. phaseolicola recovered in Spain were subjected to biochemical and genomic typing, and investigated for virulence gene complement. Fifty-six were recovered from common beans (Phaseolus vulgaris) of the type Granja Asturiana, grown in a northern Spanish region (Asturias), and 64 from other common beans cultured in the neighbouring region of Castilla y Leó n. Typing by PmeI digestion followed by pulsed-field gel electrophoresis revealed 27 profiles, with only three being common to both regions. Relationships between profiles distributed the isolates into two clusters: A (subdivided into subclusters A1 and A2) and B. Cluster A included all isolates from Granja Asturiana and about a quarter of the isolates from Castilla y Leó n. Isolates from cluster A were negative for mannitol utilization and hybridized to probes for the argK-tox region responsible for phaseolotoxin production. Isolates that grouped in cluster B, which were only found in Castilla y Leó n, were able to utilize mannitol but did not hybridize to probes for the argK-tox region. Separation of the isolates into three genomic groups, subsequently termed PphA1, PphA2 and PphB, was also supported by effector gene complement and location. In PphB, all effector genes tested (hopX1, hopF1, avrB2 and avrD1) mapped on chromosomal fragments, but faint hybridization of avrB2 with plasmids of about 40 kb was also observed. In PphA hopX1 mapped on the chromosome; in PphA1 avrB2 and avrD1 were carried on virulence plasmids (most of approx. 125 kb) and hopF1 was not detected, while in PphA2 the three genes were located on plasmids (approx. 75-160 kb). These results can be used as a framework to investigate the basis of regional variation in population structure, and for further epidemiological surveillance of P. syringae pv. phaseolicola.
INTRODUCTION
Halo blight disease of common beans (Phaseolus vulgaris L.) is caused by Pseudomonas syringae pathovar phaseolicola (hereafter P. syringae pv. phaseolicola), a seed-borne bacterial pathogen with worldwide distribution (Saettler, 1991; Taylor et al., 1996) . The ability of this and other phytopathogenic pseudomonads to cause disease on susceptible cultivars, and to elicit the hypersensitivity response in non-susceptible cultivars, requires a type III secretion system encoded by the hrp/hrc genes of chromosomal location (Alfano et al., 2000; Joardar et al., 2005) . This system is used to translocate effector proteins, termed Hop (Hrp outer protein) or Avr (avirulence) into plant host cells (Lindeberg et al., 2006) . In P. syringae pv. phaseolicola, effectors can be encoded either on the bacterial chromosome or on plasmids, including pAV511 (a 154 kb plasmid found in strain 1449B; Jackson et al., 1999) and p1448A-A (132 kb, carried by strain 1448A, whose genome has been sequenced; Joardar et al., 2005) .
Another virulence factor of P. syringae pv. phaseolicola is the well-characterized phaseolotoxin [N d (N9-sulfodiaminophosphinyl)-ornithyl-alanyl-homoarginine], a reversible inhibitor of the enzyme ornithine carbamoyltransferase (OCTase) involved in arginine biosynthesis (Ferguson & Johnston, 1980; Moore et al., 1984; Patil et al., 1970) . This chlorosis-inducing toxin, characteristic of P. syringae pv. phaseolicola, appears to increase virulence, and is responsible for the development of a yellow halo surrounding the watersoaked lesions characteristic of the disease (Bender et al., 1999; Patil et al., 1974) . Resistance of the pathogen to its own toxin is due to production of a phaseolotoxinresistant OCTase, encoded by the argK gene, which is located, together with the biosynthetic genes, in a chromosomal region known as the argK-tox cluster (Aguilera et al., 2007; Genka et al., 2006; Mosqueda et al., 1990) . Most isolates of P. syringae pv. phaseolicola recovered worldwide contain the argK-tox cluster, although nontoxigenic strains have been sporadically reported. These strains, which still carry the cluster, although defective, have been traditionally considered of little or no epidemiological significance (Rudolph, 1995; Schaad et al., 1995) . For this reason, the argK gene and other genes of the argK-tox region are common targets for PCR detection and identification of this pathovar (Marques et al., 2000; Sawada et al., 2002; Schaad et al., 1995) . Nevertheless, it has been reported that the majority of the Spanish isolates of P. syringae pv. phaseolicola are unable to synthesize phaseolotoxin due to the absence of the entire argK-tox cluster (González et al., 2003; Oguiza et al., 2004; Rico et al., 2003) . Genomic differences, including pathogenicity gene content and location, prompted the separation of toxigenic and non-toxigenic isolates into two distinct lineages, termed Pph1 and Pph2, respectively (Oguiza et al., 2004) . These studies were performed with isolates from Castilla y Leó n (94 223 km 2 ), the largest dry bean producing region of Spain, where most of the crop is dedicated to common bean landraces of different varieties (riñó n, canela, pinta, morada, palmeña, etc.). However, in the neighbouring region of Asturias (10 604 km 2 , located on the north coast of Spain), production is focussed on several varieties of the type Granja Asturiana (such as Andecha and Cimera). These beans, which are the main ingredient of the traditional dish of Asturias ('fabada'), can reach a high market value (from approx. 10 up to 18 euros kg 21 , depending on quality and size).
In Asturias, where brown spot caused by P. syringae pv. syringae on beans of the type Granja Asturiana is an endemic disease, halo blight was first observed in 1996, and the extent of the problem has increased since then. Interestingly, in contrast to the situation in Castilla y Leó n, a limited number of P. syringae pv. phaseolicola isolates from Asturias previously characterized by our group (González et al., 2002) proved to be positive for the argK-tox cluster. To broaden our knowledge of P. syringae pv. phaseolicola circulating in Spain, 56 isolates recovered from symptomatic plants of Granja Asturiana over a 12 year period (1996) (1997) (1998) (1999) (2000) (2001) (2002) (2003) (2004) (2005) (2006) (2007) were subjected to biochemical characterization, analysed for the presence or absence of the phaseolotoxin gene cluster, and genotyped both by digestion of total DNA with the PmeI endonuclease followed by pulsed-field gel electrophoresis (PFGE), and by plasmid profiling. In addition, several virulence genes were mapped on the bacterial genome to establish whether they were of chromosomal or plasmid location. For comparison, 64 isolates from symptomatic bean plants of Castilla y Leó n were similarly characterized.
METHODS
Bacterial isolates, culture conditions and phenotypic characterization. One hundred and twenty isolates of P. syringae pv. phaseolicola were used in this study (see Supplementary Tables S1  and S2 , available with the online version of this paper). The isolates, named LPPA (Laboratory of Phytopathology of the Principado de Asturias) followed by a serial number and the last two digits of the year of isolation, were deposited in the culture collection of the SERIDA (Servicio Regional de Investigació n y Desarrollo Agroalimentario). They were recovered from symptomatic samples (seeds, pods, leaves and stems) of common beans grown in two different climatic regions of Spain: Asturias, on the north Cantabrian coast, with wet and temperate weather (56 isolates, collected from 1996 to 2007 from varieties of the type Granja Asturiana), and Castilla y Leó n, which is part of the Spanish Central Plateau, with dry and continental weather (64 isolates, collected between 1995 and 2005 from other bean varieties). Two isolates from Asturias and 25 from Castilla y Leó n have been partially characterized in previous studies (González et al., 2000 (González et al., , 2002 . In addition, P. syringae pv. phaseolicola CECT 321 and CECT 4390 (from the Spanish Type Culture Collection) were included as reference strains.
Bacteria were originally recovered on King B medium, and fluorescent colonies were identified as P. syringae pv. phaseolicola by means of Gram staining and standard biochemical tests. These included oxidation-fermentation of glucose (Hugh & Leifson, 1953) , the LOPAT determinative tests (Lelliott et al., 1966) , utilization of mannitol, m-inositol, erythritol and sorbitol in Hellmers broth (Jansing & Rudolph, 1990) , utilization of homoserine, D-tartrate, sucrose, L-lactate, trigonelline, quinate, betaine and adonitol in Ayer's solid medium (Schaad, 1988) , and hydrolysis of aesculin, gelatin (Noval, 1991) , casein and Tween 80 (Goszczynska & Serfontein, 1998) . Results were recorded after 3, 7, 14 and 21 days of incubation.
Detection of the phaseolotoxin biosynthetic cluster. For detection of the phaseolotoxin biosynthetic cluster, the primer pairs 5.1/3.1 and 5.2/3.2 (Table 1) were used in both conventional and nested PCRs, as described by Schaad et al. (1995) . These primers amplify approx. 500 and 415 bp fragments from ORF6, which belongs to the phtE locus of the argK-tox cluster and encodes a putative fatty acid desaturase essential for phaseolotoxin production (Zhang & Patil, 1997) . Conventional amplifications were carried out in a final volume of 25 ml containing either 2.5 ml of an overnight culture of the isolate in LB (Luria-Bertani medium; Sambrook & Russell, 2001) , or 10-100 ng total DNA (extracted as described by Deneer & Boychuk, 1991) , 2.5 ml 106 PCR buffer (supplied by the manufacturer), 200 mM of each deoxyribonucleotide, 20 pmol of each primer and 1.0 U DyNAzyme (Finnzymes). For nested PCR, 1 ml of the 500 bp fragments obtained by amplification of ORF6 with the 5.1/3.1 primer pair was used as template in a second amplification with the 5.2/3.2 primers. All PCRs were performed in a PTC-100 Cycler (MJ Research). macrorestriction PFGE. Isolates of P. syringae pv. phaseolicola were cultured in LB and agarose plugs were prepared as described by Rainey et al. (1994) . DNA within the plugs was digested with PmeI (11 U, 6 h, 37 uC; Takara Biomedicals), and the fragments obtained were resolved by electrophoresis in 1 % agarose gels run in 0.56 TBE (Tris/borate/EDTA) buffer (Sambrook & Russell, 2001 ), using a CHEF-DRIII system (Bio-Rad). The running conditions were 200 V (6 V cm 21 ) at 14 uC for 22 h. The included angle was 120u and initial and final switch times were 3 s and 30 s, respectively (Güven et al., 2004) . l ladder PFG Marker (New England BioLabs) and Salmonella enterica serovar Braenderup H9812 digested with XbaI (Hunter et al., 2005) were included as size standards. The resulting profiles were analysed visually, and the presence or absence of fragments larger than 20 kb was recorded. Those showing one or more mismatching bands were considered different and labelled with 'P' followed by a number. Clustering of the profiles was achieved by the unweighted-pair group method with arithmetic averages (UPGMA), and Jaccard's coefficient of similarity (S), using the software program MVSP 3.1 (Multivariate Statistics Package for PCs, RockWare Inc.).
Plasmid DNA was visualized by S1 PFGE (Barton et al., 1995) . In this method, which is particularly efficient for the detection of large plasmids, DNA trapped in agarose plugs was linearized with S1 nuclease (GE Healthcare) and subjected to PFGE as above. l ladder PFG Marker was used as size standard.
For mapping of virulence genes, both PmeI and S1 fragments were transferred onto membranes by Southern blotting (Sambrook & Russell, 2001) , and hybridized with selected probes for pathogenicity genes, including ORF6 (phtE), argK, and four genes encoding effector proteins of the hrp/hrc type III secretion system (hopX1, hopF1, avrB2 and avrD1, formerly termed avrPphE, avrPphF, avrPphC and avrD, respectively; Lindeberg et al., 2005) . The probes were prepared with PCR DIG Labeling Mix (Roche Diagnostics), which incorporates digoxigenin-labelled dUTP into the PCR product. All these PCRs were carried out in a final volume of 50 ml, using P. syringae pv. phaseolicola CECT 321 as the source of template DNA, and the primers shown in Table 1 . The PCR cycling conditions included a hot start cycle of 95 uC for 5 min, then 30 cycles of 95 uC for 30 s, 58-65 uC (see Table 1 ) for 30 s and 72 uC for a variable time (1 min per kb of amplified DNA), and then a final step of 72 uC for 10 min. Hybridizations were performed at 60 uC. The hybridized probes were revealed inmunoenzymically by use of antidigoxigenin Fab fragments conjugated with alkaline phosphatase (Roche Diagnostics) followed by addition of CDP-Star (Roche Diagnostics) as a substrate for the alkaline phosphatase. Chemiluminescence was detected with Hyperfilm ECL (GE Healthcare).
RESULTS
Phenotypic characterization of P. syringae pv. phaseolicola and detection of the phaseolotoxin gene cluster
The Gram-negative isolates selected for the present study were all fluorescent on King B agar, oxidative, and belonged to LOPAT group Ia (positive for levan production, negative for the oxidase reaction, arginine dihydrolase and pectinolytic activities, and elicited a hypersensitive reaction on tobacco). With the exception of mannitol utilization, results for all other tests performed coincided with those expected for P. syringae pv. phaseolicola. Assimilation of mannitol is usually negative for this pathovar, and this was the case for all isolates recovered from Granja Asturiana beans and the two reference strains (CECT 321 and CECT 4390). In contrast, 71.9 % (46/64) of the isolates from Castilla y Leó n were able to utilize mannitol as sole carbon source. Finally, when the presence of ORF6 from the argK-tox cluster was tested, all isolates from Asturias yielded fragments of the expected sizes with two primer pairs, used both individually and in nested PCR amplification. The same result was obtained for mannitol-negative isolates from Castilla y Leó n, but not for mannitol-positive isolates of the same region (Supplementary Tables S1 and S2 ). Lineages of P. syringae pv. phaseolicola
Typing of the isolates by macrorestriction PFGE and plasmid content
When the isolates from Asturias and Castilla y Leó n were subjected to PmeI PFGE they produced 11-15 genomic fragments, which were combined into 27 unique profiles, P1-P27 (Table 2 , Fig. 1a ). Ten (P3, P5-P13) and 14 (P14-P27) profiles were exclusively obtained from isolates of Asturias and Castilla y Leó n, respectively, while only three (P1, P2 and P4) were found in both regions. P1, with 42 isolates (32 from Asturias and 10 from Castilla y Leó n) contained the highest number of isolates, followed by P16, P17, P18 and P2, with 14, 10, 7 and 7 isolates, respectively. In the remaining profiles, the number of isolates ranged between one and four. Each of the reference strains generated a unique pattern, termed P28 and P29 for CECT 321 and CECT 4390, respectively.
A dendrogram of similarity, constructed with the 27 PmeI PFGE profiles (Fig. 2) , revealed two distinct clusters (A and B; S50.25). All isolates in cluster B (12 profiles: P16-P27; S50.49) were negative for ORF6 (used as indicator of the argK-tox region), positive for mannitol utilization, and exclusively found in Castilla y Leó n. Conversely, cluster A (17 profiles; S50.46) comprised isolates positive for ORF6 and negative for mannitol utilization, recovered in both Asturias (from varieties of Granja Asturiana; P1-P13) and Castilla y Leó n (from other bean varieties; P14 and P15, in addition to P1, P2 and P4), as well as the two reference strains. Cluster A was clearly separated into two subclusters (A1 and A2). A1 included the P1 and P4 profiles present in the two regions, six profiles found only in Asturias, and the P28 profile of CECT 321. Subcluster A2 grouped eight profiles, five from Asturias and two from Castilla y Leó n, together with the P29 profile of CECT 4390.
Assays performed by S1 PFGE revealed the presence of plasmid(s) in all isolates tested, varying in number from one to four. However, there were important differences in plasmid size between isolates of the two clusters established by PmeI PFGE. In cluster A, a total of 15 plasmids, ranging in size from 30 to 400 kb, were detected (Table 2; see Fig. 3a for representative examples). An approx. 125 kb plasmid was the most common, since it was present in all isolates except one with the predominant P1 profile, and in isolates of seven other profiles, all belonging to subcluster A1. In contrast, a plasmid of approx. 150 kb was the most frequent in subcluster A2. Three plasmids of approx. 90, 50 and 30 kb, and two plasmids of approx. 135 and 40 kb were carried by CECT 321 (subcluster A1) and CECT 4390 (subcluster A2), respectively. In cluster B, seven different plasmids, ranging in size between 28 and 60 kb, were observed (Table 2; see Fig. 3e for representative examples). It is also of note that while most isolates in cluster A (87.8 %) carried a single plasmid, many of those falling in cluster B (65.2 %) contained two or more plasmids.
Mapping of virulence genes on the bacterial genome
Two genes of the argK-tox region (ORF6 and argK), and several genes encoding effector proteins (hopX1, hopF1, avrD1 and avrB2), were mapped on the PmeI PFGE and S1 PFGE profiles of the P. syringae pv. phaseolicola isolates under study, and of the reference strains (Table 2 , Figs 1 and 3). Consistent with the chromosomal location of the argK-tox region, and with the PCR experiments reported above, ORF6 and argK hybridized with all PmeI profiles belonging to cluster A, independently of their geographical origin, but not with profiles of cluster B (Table 2 , Fig. 1b) . With three exceptions, the two probes mapped on an approx. 280 kb fragment in profiles of subcluster A1 (including P28 yielded by CECT 321), and an approx. 270 kb fragment in profiles of subcluster A2 (including P29 of CECT 4390). The exceptions were P13 (subcluster A1) and P15 (subcluster A2), where phtE and argK mapped on approx. 295 and 410 kb fragments, respectively, and P7 (subcluster A1), where both genes mapped together on two different fragments of approx. 270 and 110 kb. Since the ORF6 and argK amplicons generated from P7 isolates lacked internal PmeI sites (not shown), a second copy of the two genes appears to be present on the chromosome of these isolates.
With regard to the genes coding for effector proteins, hopX1 mapped on the chromosome of all isolates tested, either on a PmeI fragment of approx. 345 kb (common to most PmeI PFGE profiles), or a 450 kb fragment (in P18, P23 and P24, all belonging to cluster B) ( Table 2 , Fig. 1c ). However, in the case of hopF1, avrB2 and avrD1, important differences were observed not only between clusters A and B, but also between subclusters A1 and A2. In all isolates of subcluster A2, including CECT 4390, the three genes mapped together on fragments of approx. 75, 135, 140, 150 or 160 kb, which were identified as plasmids by S1 PFGE (Table 2 , Fig. 3 ). Although these plasmids were not detected by PmeI PFGE (Fig. 1a) , they were revealed after hybridization of the corresponding profiles with the indicated probes (Fig. 1d, e) . This unexpected result could be attributed to a limited linearization of the large supercoiled plasmids during PFGE. Neither chromosomal nor plasmid DNA from field isolates of subcluster A1 hybridized to the hopF1 probe (Table 2 , Figs 1d and 3b) . However, plasmids of varying molecular size (approx. 100, 125, 135 and 170 kb) hybridized with probes for avrD1 and avrB2 for all but one isolate of subcluster A1. The exception was LPPA 87/00, with the P6 profile, which did not hybridize with the probe for avrD1 (Table 2 , Fig. 3d ). It is of note that, although CECT 321 grouped within subcluster A1, hopF1, avrB2 and avrD were all carried by a 90 kb plasmid (Table 2 , Fig. 1d, e) . Finally, the three genes mapped on the chromosome of all members of cluster B, specifically on PmeI fragments of approx. .700, 450 or 230 kb, depending on the profile (Table 2 , Fig. 1d, e) . However, in the case of P19, the hopF1 and avrB2 probes hybridized strongly with a fragment of 230 kb, and weakly with a second fragment of approx. 400 kb. In addition, faint hybridization of avrB2 with plasmids of approx. 30-60 kb was consistently detected in all isolates of this cluster, not only by hybridization of the S1 profiles (Table 2; . Macrorestriction profiles generated from P. syringae pv. phaseolicola isolates, and hybridization with probes for virulence genes. (a) Profiles generated by PmeI PFGE; (b-e) hybridization of the PmeI profiles with probes for (b) phtE (the same result was obtained for argK, not shown), (c) hopX1, (d) hopF1 and (e) avrB2 (the same result was obtained for avrD1, with the exception of the LPPA 87/00 isolate, which hybridized with avrB2 in the fragment indicated by the arrow, but failed to hybridize with avrD1). Isolates representative of the different PmeI PFGE profiles (P1-P29) are indicated in Supplementary  Tables S1 and S2 . Lane S, DNA from S. enterica serovar Braenderup H9812 digested with XbaI; lane L, l ladder PFG Marker (New England Biolabs), both used as size standards.
DISCUSSION
Macrorestriction PFGE has been widely used for differentiation, clustering and epidemiological surveillance of human and animal pathogens (Fey & Rupp, 2003; Goering, 2004) . To a lesser extent, it has been also applied for typing of a number of plant-pathogenic bacteria, including species of Pseudomonas and pathovars of P. syringae (Grothues & Tummler, 1991; Güven et al., 2004; Rainey et al., 1994) . For the latter, several rarecutting restriction enzymes, such as AsnI, DraI, PacI, PmeI, SpeI and XbaI, have been tested. In the present work, we selected PmeI for the typing of isolates of P. syringae pv. phaseolicola causing disease in bean plants of the type Granja Asturiana collected in Asturias over 12 years, and compared them with isolates causing disease in different bean varieties from the neighbouring region of Castilla y Leó n. Digestion with this endonuclease, which recognizes the octanucleotide sequence 59-GTTTAAAC-39, infrequent in the genome of Pseudomonas (with a G+C content of 59-61 mol%; Palleroni, 1984) , generated clearly interpretable fragment patterns and distributed the isolates into two clusters, A and B, each with distinctive biochemical and genetic traits (Fig. 2) . Isolates of cluster A were positive for the genes used as indicators of the argK-tox region and negative for mannitol utilization, while the opposite was true for isolates of cluster B, which were exclusively found in Castilla y Leó n. Interestingly, typing by PmeI PFGE also recognized two subclusters (A1 and A2) within cluster A. All field isolates from Asturias belonged to this cluster, and were unevenly distributed between A1 (75 %) and A2 (25 %), which also contained isolates from Castilla y Leó n. Isolates with the major P1 profile (subcluster A1) can be considered as endemic in the two regions, where they have been circulating and causing disease in different common bean varieties throughout the period of study. Similarly, P4 (subcluster A1) could be also endemic in Asturias, and P16-P18 (cluster B) in Castilla y Leó n. Dendrogram showing the genomic relationship between PmeI macrorestriction fragment profiles generated from P. syringae pv. phaseolicola. (n), number of isolates assigned to each profile; Man, utilization of mannitol as sole carbon source; tox, argK-tox chromosomal region coding for phaseolotoxin production; ", negative result; +, positive result; *genes encoding effector proteins of the type III secretion system of P. syringae pv. phaseolicola: a, hopX1; b, hopF1; c, avrB2; d, avrD1 (with letters corresponding to genes of plasmid location shown in bold); c3, the probe for this gene mapped both on the chromosome and on a plasmid, with different intensity; Vp, virulence plasmid detected by hybridization (approximate size in kb indicated); CL, Castilla y Leó n; AS, Asturias; CECT, Spanish Type Culture Collection; 4PphB corresponds to Pph2 of Oguiza et al. (2004) ; 1PphA2 corresponds to Pph1 of Oguiza et al. (2004) .
The separation of the P. syringae pv. phaseolicola isolates into clusters A and B, and subclusters A1 and A2, was also supported by plasmid content and effector gene complement. While all isolates were positive for the chromosomal hopX1 gene, isolates within subcluster A1 were negative for hopF1, and all but one isolate carried a virulence plasmid on which avrB2 and avrD1 are located. This virulence gene pattern coincides with that reported for P. syringae pv. phaseolicola 1448A, and for p1448A-A (of approx. 132 kb), one of the two plasmids found in this strain, whose entire genome has been sequenced (Joardar et al., 2005) . Moreover, 'in silico' digestion of the genome of this strain with PmeI (data not shown) supports its assignment to subcluster A1. Virulence plasmids larger or smaller than 125 kb were carried by single A1 isolates, with the smallest plasmid of the group (approx. 100 kb) lacking avrD1. A virulence plasmid, ranging in size from approx. 75 kb to 160 kb, was also present in each of the isolates belonging to subcluster A2. All of these plasmids carried avrD1, avrB2 and hopF1. The size of the plasmid present in half of the isolates was between 150 and 155 kb (Table 2) , similar to the size of the plasmid carried by P. syringae pv. phaseolicola 1449B, which contains the same genes (Jackson et al., 1999) . Finally, one or more plasmids of 35-60 kb were associated with cluster B. In each isolate of this cluster, avrB2 hybridized weakly with one of the plasmids and strongly with a chromosomal fragment where hopF1 and avrD1 were also located.
Taking together characteristics regarding mannitol utilization, presence or absence of the phaseolotoxin gene cluster, plasmid content, and virulence gene complement and location, revealed a coincidence of subcluster A2 with Pph1 and of cluster B with Pph2, the two lineages previously recognized by Oguiza et al. (2004) . Like subcluster A2, Pph1 includes isolates that were negative for mannitol utilization and positive for the phaseolotoxin gene cluster, which carried hopX1 on the chromosome, and hopF1, avrB2 and avrD1 on virulence plasmids of about 150 kb (Jackson et al., 1999) . On the other hand, both cluster B and Pph2 grouped isolates that can utilize mannitol as sole carbon source, lack the phaseolotoxin gene cluster, and were positive for hopX1, hopF1 and avrD1 of chromosomal location. The only difference was avrB2, which was mapped on a plasmid in isolates assigned to Pph2, but hybridized both on the chromosome and a on plasmid in each of the isolates of cluster B (although with different intensity). Interestingly, Pph1 and Pph2 could be also differentiated by PCR fingerprinting of repetitive DNA sequences, IS801 insertion patterns, and heteroduplex mobility assay (HMA) of the internal transcribed spacer (ITS) region between the 16S and 23S rRNA genes (Oguiza et al., 2004) . In a previous study in our laboratory, 46 isolates of P. syringae pv. phaseolicola were analysed by ribotyping (González et al., 2000) , and 32 of them (most from Castilla y Leó n; Supplementary Tables S1 and S2) were also included in the present work. Using the Escherichia coli rrnB operon as a probe against genomic DNA digested with the BglI and SalI endonucleases, all isolates common to both studies showed the same BglI ribotype (termed B1), but were distributed among six SalI ribotypes (S1-S6). S1, S4 and S5, which were closely related to each other, were generated from isolates with the B1 ribotype assigned to PmeI PFGE cluster B, while B1S3 (subcluster A1), B1S2 and B1S6 (subcluster (f) Hybridization with a probe for avrB2. Isolates representative of subclusters A1 and A2 were included as internal controls to highlight the different intensity of the hybridizing fragments. CL, Castilla y Leó n; AS, Asturias. Lane S, DNA from S. enterica serovar Braenderup H9812 digested with XbaI; lane L, l ladder PFG Marker (New England Biolabs), both used as size standards.
A2) grouped together, apart from the three other ribotypes. Thus, like PmeI PFGE, the two genomic groups of P. syringae pv. phaseolicola, subsequently termed PphA and PphB, could be also recognized by ribotyping. However, consistent with its lower discriminatory power, the two subclusters within PphA (PphA1 and PphA2) could not be separated by the latter technique.
PphB isolates, predominant in bean varieties grown in Castilla y Leó n, have not yet been found in Granja Asturiana beans, which are instead dominated by toxigenic PphA1 isolates. The limited exchange of seeds occurring between the two neighbouring regions could have hindered the entry of PphB into Asturias. In fact, varieties of the type Granja Asturiana cannot be grown under the dry and continental weather of Castilla y Leó n, and farmers from Asturias are not attracted by bean varieties of lower economic value. However, a lack of adaptation of PphB isolates to Granja Asturiana beans, and/or to the wet and temperate weather of Asturias, could also explain the absence of such isolates in this region. The information reported in the present study will be used as a reference point to address the latter possibilities, and for further epidemiological surveillance of P. syringae pv. phaseolicola.
